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ABSTRACT 
 
Aim 
• To assess the reliability and accuracy of ultrasonography as a diagnostic aid for diagnosis 
of benign and malignant lesions in orofacial region. 
• To find out Ultrasonographic features of benign and malignant lesions and to assess its 
vascularity through Color Doppler. 
Materials and Methods 
A total of 40 patients with benign and malignant Orofacial swellings were examined and scanned 
with USG, the USG diagnosis was compared with clinical and histopathological diagnosis. The 
Sensitivity, Specificity, Positive predictive value, Negative predictive value and Accuracy was 
evaluated for benign and malignant lesions. The USG features were also categorized for benign 
and malignant lesions. 
Results 
The accuracy of diagnosing inflammatory lesions were 100%, benign and malignant lesions were 
97.5%. USG features of inflammatory lesions were ill defined boundaries, hypoechoic pattern 
homogenous architecture with peripheral vascularity. Benign lesions had well-defined 
boundaries, heterogeneous architecture, hypoechoic pattern and mixed vascularity. Malignant 
lesions had ill-defined borders, mixed echoic pattern, heterogeneous architecture, and mixed 
vascularity. 
Conclusion:  
Ultrasonography works out as a valuable adjunct in the diagnosis of orofacial swellings, this 
method is quick, widely available, relatively inexpensive, and easily reproducible without 
causing inconvenience to patients.  
Key words: USG, inflammatory, benign, malignant. 
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                        “TO HEAR A SOUND IS TO SEE A SPACE” as quoted by Louis Kahn, 
Human ear can hear only a limited range of sound frequencies from 20 to 20,000 Hz. 
Frequencies below the audible range are referred to as infrasonic, while those with 
frequencies above the audible limit are known as ultrasonic.1 
 Ultrasonography is a technique based on sound waves that acquires images in real time and 
without the use of ionizing radiation. Diagnostic ultrasonography (sonography), the clinical 
application of ultrasound, uses vibratory frequencies in the range of 1 to 20MHz.2 
In 1880 the principles and application of ultrasound was discovered by Curie brothers. Later 
in 1972, Kossoff in Australia and others introduced gray scale ultrasonography. Thus, after a 
long gestation and childhood stage, diagnostic ultrasound is now reaching adolescence with a 
potential for considerable future growth.1It is recently gaining importance in the diagnosis of 
oral and maxillofacial lesions.3 
National cancer institute has defined ultrasonography (USG) as a procedure in which high-
energy sound waves are bounced off internal tissues or organs and make echoes. The echo 
patterns are shown on the screen of an ultrasound machine, forming a picture of body tissues 
called a sonogram.4 Ultrasound wave is a form of longitudinal mechanical wave that needs a 
medium to transmit from one place to another. Ultrasound is produced by vibrating 
piezoelectric crystals using a high-frequency electrical pulse, which causes mechanical 
oscillation and produces ultrasound waves. Therefore, electrical energy is converted into 
mechanical energy. Diagnostic ultrasound utilizes a transducer, which generates a narrow 
focus beam.5, 6 The ultrasound signal transmitted into a patient is attenuated by a combination 
of absorption, reflection, refraction and diffusion. Higher the frequency of the sound waves, 
higher the image resolution but lesser the penetration of the sound through soft tissues. 
Fraction of the beam that is reflected to the transducer depends on the acoustic impedance of 
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the tissues, which is a product of its density (and thus the velocity of sound through it) and 
the beam’s angle of incidence. Because of its acoustic impedance, a tissue has a characteristic 
internal echo pattern.7  
 Tissues that do not produce signals, such as fluid-filled cysts, are said to be anechoic and 
appear black. Tissues that produce a weak signal are hypoechoic, whereas tissues that 
produce intense signals such as ligament, skin, or needles or catheters are hyperechoic and 
appear bright. Diagnostic US has various modes namely A-mode, B-mode, M-mode and D-
mode. B-mode or brightness mode is important in diagnostic US. It produces different scale 
of grey on the basis of different echogenecity of reflected waves. M-mode or motion mode is 
extremely valuable for accurate valuation of rapid movements. It has excellent temporal 
resolution. D-mode or Doppler mode is based on the Doppler Effect i.e., change in frequency 
(Doppler shift) caused by reciprocal movement of sound generator and observer.7 
USG has several advantages like it is harmless, radiation free, widely available, easy-to-use, 
noninvasive, inexpensive, and unaffected by metal artefacts such as dental restorations. It can 
be performed without heavy sedation. Ultrasound causes no health problems and may be 
repeated as often as necessary. 8 
Recently, USG has been used in maxillofacial imaging and has been accepted as a diagnostic 
aid for evaluating neoplasm in thyroid, parathyroid, or salivary glands or ducts, Sjogren’s 
syndrome, and the vessels of the neck, including the carotid for atherosclerotic plaques. It 
helps in detection of salivary gland and duct calculi. It enables the visualization of fine detail 
of the surface structure of the face and neck soft tissue hence it is well recognized in 
inflammatory soft tissue conditions of the head and neck region. It is effective to confirm 
abscess formation in the superficial fascial spaces and is highly predictable in detecting the 
stage of infection. It can differentiate between cystic swellings, abscesses, benign and 
malignant lesions. With high resolution it is useful in imaging early tongue carcinomas, 
INTRODUCTION 
 
3 
 
periapical lesions & temporo-mandibular disorders (TMD). A more recent addition to use of 
US is diagnosis of cervical lymph node metastasis due to development of US-Elastography. 
US can also be useful in guiding the exact site of biopsy of intra-osseous lesions of law.9, 10 
 
Color Doppler ultrasonography (CD-USG) has been used for detecting blood flow signals by 
means of continuous pulsed-wave Doppler and color flow mapping techniques.11 It helps in 
determination of the relationship of vascular structures and vascularity of masses. Doppler 
US criteria (Avascular pattern, Scattered pattern, Peripheral vascularity) have been reported 
as important to differentiate between benign and metastatic LNs. The vascularity of normal 
and reactive lymph nodes may show hilar or appear apparently avascular, however metastatic 
nodes tend to have peripheral or mixed vascularity, the presence of peripheral vascularity is 
highly suggestive of malignancy. The characteristics of metastatic LN delineated by US are 
an increased size, with rounder shape than oval and flat shape.12 
The purpose of this study was to evaluate the usefulness of high-resolution grayscale and 
CDUS in benign and malignant lesions and to differentiate it on the basis of echogenicity, 
margin, shape, composition, sound transmission and size on grayscale US.
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AIMS  
• To assess the reliability and accuracy of ultrasonography as a diagnostic aid for diagnosis 
of benign and malignant lesions in Orofacial region. 
• To assess the vascularity of benign and malignant lesions using Color Doppler. 
• To find out ultrasonographic features of benign and malignant lesions. 
OBJECTIVES 
• To determine the nature, size and extent of the odontogenic infections and hence to 
determine prognosis and outcome of course of infection. 
• To correlate clinical, ultrasonographic and histopathological findings of benign and 
malignant orofacial lesions. 
• To compare and differentiate benign and malignant lesions on the basis of 
ultrasonographic features. 
• To evaluate the efficiency of ultrasound with Color Doppler in differential diagnosis of 
periapical lesions. 
• To find out an adjuvant modality in the investigation to reduce the radiation exposure as 
in the case of radiographs, CT and MRI
        REVIEW OF LITERATURE  
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 Sound waves were first used by Lazaro Spallanzani in the year 1794 for the spatial 
orientation in bats, who discovered the phenomenon of echolocation. Jacques and Pierre 
Curie described the piezoelectric and the inverse piezoelectric effects in 1877. This led 
to the conceptualization of USG. Ian Donald was the first to introduce the USG in 
diagnostic medicine in 1956.13 
 The work of Karl Theodore Dussik (Austria) to locate brain tumors was the first 
published work on medical ultrasonic. It failed because of technical difficulties in 
recording the results generated as skull absorbed much of the ultrasound energy used. 
Subsequently, John Wild and Donald Neal (1949) published their works on 
unidirectional A-mode ultrasound.  
 Later Wild along with John Reid, built a linear hand held B-mode instrument which 
helped to visualize tumors by sweeping from side to side through breast lumps. In 1953 
real time images of 15 MHz at 4 mm penetration were achieved in cancerous growth of 
breast. 
 A recent improvement of B-mode Gray scale, Real time, Computed Ultrasonography has 
now found wide spread application in the field of oral and maxillofacial surgery. 14 
 Willey and others in 1975 stressed the value of ultrasound in providing a more accurate 
means of quantifying lymph node size and volume and in evaluating its extension.15 
  Ralf Siegert performed a study in 1987 for 394 patients using USG. Of these 87% of 
patients had soft tissue swellings due to odontogenic infections and the other swellings 
were originated from a non-odontogenic region. He divided USG images into four 
different classes. Edema (4%), cellulitis (30%), preabscess (5%) and abscess (51%). 
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Siegert stated that the sensitivity for diagnosing an abscess was the same for the clinical 
(93%) and the USG (95%) examinations. However, when only the specific diagnosis of 
abscess was considered, USG seemed to be slightly higher (82%) in sensitivity than the 
clinical diagnosis (69%). In the diagnosis of inflammatory swellings, USG seemed to be 
superior to the clinical diagnosis.16 
 Nishino performed a study in 1988 where he examined 73 cases of swollen lymph nodes, 
52 cases of acute or chronic lymphadenitis accompanying sialadenitis, and 18 cases of 
metastatic lymphadenopathy. He reported that maximum diameter and 
longitudinal/transverse ratio are most useful in the differential diagnosis and that the 
borders, internal echoes, and posterior wall echo enhancement are next in usefulness.17 
 Though ultrasound waves do not pass through hard tissues like bone, Bhosale GR and 
his associates in 1992 observed in their study that when bone expanded and resorbed up 
to a certain extent as seen in various odontogenic cysts, it does carry the waves beyond 
it. In their study 30% of cystic lesion appear as sonolucent areas with variation in 
posterior wall enhancement.18 
 Dib LC in 1996 stated that odontogenic cysts are anechoic due to their liquid content and 
OKC were hypoechoic  because of their dense and thick content.19 
 Lauria et al in 1996 concluded that the use of USG is of importance in evaluating the 
solid, cystic or mixed components of jaw lesions and that the contents of lesion correlate 
with the histological findings. The identification of lesion contents would facilitate the 
decision whether to perform an incisional biopsy as a next step or to undertake the 
complete surgical treatment of the patient immediately.20 
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 Shintani et al in 1997 concluded that the incidence of cervical metastasis increases 
markedly when depth of invasion of oral tumor is over 0.5 cm histologically and in this 
case, elective neck therapy is strongly indicated.21 
 Sato Naovuki, Ryoichi Kawabe, Kiyohide Fujita et al in 1998 conducted a study on 30 
patients with Oral Squamous Cell Carcinoma (OSCC) to differentiate reactively enlarged 
cervical nodes from metastatic nodes by means of color Doppler flow imaging. They 
detected 58 enlarged cervical lymph nodes with long axis diameter equal to or greater 
than 10 mm. 35 lymph nodes showed no color flow signals. Of these, 32 (91%) were 
metastatic and 3 were reactive. Of the 12 lymph nodes with central color flow signals, 11 
(92%) were reactively enlarged and 1 was metastatic. Hence concluded that presence of 
central signals on color Doppler flow imaging appeared to be a significant parameter 
associated with reactively enlarged benign nodes.22 
 Paltiel HJ et al in 2000 evaluated 87 vascular anomalies using Ultrasonography. Lesions 
were assessed for the presence of solid tissue and abnormal arteries, veins or cysts. 
Vessel density, peak flow velocities, and resistive indexes were compared. There were 
49 hemangiomas and 38 vascular malformations. Soft tissue mass was the only 
multivariate predictor for differentiating hemangioma from vascular malformation .He 
concluded  that it is possible to distinguish hemangioma from vascular malformation and 
detect arterial flow by using USG .These distinctions are critical for subsequent 
management and assessing prognosis.23 
 Sumi M, M. Ohki, T.N. Nakamura in 2001 conducted a study on 62 patients to compare 
the ability of sonography and CT to differentiate benign from malignant cervical lymph 
nodes in patients with squamous cell carcinoma of head and neck. 209 cervical nodes 
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were analyzed using Power Doppler Sonography and CT and the results obtained were 
that size criterion (the short-long axis diameter) was equally predictive by both the 
techniques but greater contribution of internal architecture relative to the size criterion of 
the lymph nodes. Sonographic assessment of metastatic nodes were further evidenced by 
finding that sonography provided higher sensitivity and specificity than CT. It was 
concluded that sonography could be an useful adjunct to CT in surveying cervical 
metastatic lymph nodes in patients with squamous cell carcinoma of head and neck.24 
 Bialek EJ et al in the year 2003, conducted a study with 88 patients who were referred 
because of the tumor in the preauricular area, submandibular area, or cheek were 
examined by Ultrasound. Ultrasound was able to differentiate between benign and 
malignant lesions with 96% accuracy. This study concluded that modern Ultrasound is 
highly valuable, useful, and reliable in differential diagnosis of tumors in the 
preauricular area, submandibular area, and cheek. It enables precise localization, 
measurements, and assessment of the structure of lesions.25 
 B.O Akinbami et al in 2006 showed inflammatory swellings had 70% accuracy, 87.5% 
sensitivity, 0% specificity, 77.8% positive prediction and 0% negative prediction.26 
 Yoshiko Ariji et al in 2006 discussed differential diagnosis of tumorous lesions 
involving floor of tongue. It showed the internal structures of the mass. The imaging 
features varied according to the ratio of the tissues, such as fat and fibrous tissue, in 
lipoma, or cholesterol and keratin in dermoid cyst. A high vascular mass indicated 
malignant salivary gland tumors and hemangioma. 27 
 Dana Dumitriu et al in 2008 assessed the role of 2D and Doppler ultrasonography in the 
diagnosis of salivary gland tumors. Most benign tumors (87.8%) had sharp borders, but 
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39.9% of malignant tumors also presented sharp borders. Lobulation of the tumor was 
seen most frequently in the case of pleomorphic adenomas. The internal structure of the 
tumor was not a relevant indicator of malignancy. The CDS examination revealed that 
60.6% of benign and 55.5% of malignant tumors were poorly vascularized; the well-
vascularized category included all Warthin tumors,15% of pleomorphic adenomas and 
38.8% of malignant tumors.28 
 R.Srinivas et al in 2009 conducted a study in which USG showed hypoechoic in 54.2% 
and anechoic in 45.8% among inflammatory swellings. Clinical diagnosis was 92% and 
USG was 96% and sensitivity of clinical criteria over ultrasonographic diagnosis was 
96% with a specificity of 100%. 29 
 Bassiony and Yang et al in 2009 conducted a study on exploration of USG in assessment 
of fascial space spread of odontogenic infections. The aim of this study was to explore 
the capability of USG as an alternative imaging modality to MRI in detection of fascial 
space spread of odontogenic infections. He found USG was able to stage infection 
starting from edematous change to cellulitis to complete abscess formation. The results 
show that USG could be considered to be an effective method in detecting and staging 
spread of odontogenic infections to the superficial fascial spaces. Yet, USG failed to 
detect deep fascial space involvements.30 
 Mckenna et al in 2009 has reported that USG boundaries, echo intensity and ultrasound 
architecture of lesions are statistically significant to differentiate benign neoplasms from 
malignant neoplasms in head and neck swellings.31 
 Hong-Jen Chiou et al in 2009 evaluated the usefulness of high-resolution grayscale and 
color Doppler ultrasound to distinguish benign from malignant soft-tissue masses on the 
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basis of ultrasonographic patterns. Benign lesions did not have infiltrated margins or a 
scalloped shape, there was no significant difference between the benign and malignant 
soft-tissue tumors in terms of echogenicity, composition and Color Doppler features.32 
 Maria C.Chammas et al in 2010 evaluated the usefulness of intraoral ultrasonography 
(IOUS) and found a significant correlation between the tumor thickness measured using 
ultrasonography and that measured using histological sections (pathology). Based on this 
greater accuracy, the cutoff point of tumor thickness based on IOUS evaluation for 
predicting neck metastasis was determined to be 1.8 cm.33 
 Aggarwal et al in 2011 have shown that gray scale USG can be used to assess suspicious 
nodes for metastasis and there was a significant relation between size of node and 
echogenicity of the node. The significant fact is that if lymph node status can be 
evaluated successfully preoperatively by USG then the need for extensive surgeries like 
commando operations can be obviated in some cases and precise treatment can be 
rendered thus reducing the morbidity and improving the prognosis.34 
 Pandey PK et al 2011 conducted a study for 25 patients with fascial space infection in 
maxillofacial region. Patients were subjected to Ultrasonographic examination following 
a detailed clinical and radiological examination. Ultrasonography was found to be highly 
sensitive and highly specific in diagnosing maxillofacial space infection and 
involvement of specific fascial planes and indicating the stage of infection which is a 
valuable diagnostic aid to the oral and maxillofacial surgeon for early and accurate 
diagnosis of maxillofacial space infection, their appropriate treatment and limit their 
further spread. 35 
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 Chandak R et al in 2011 stated that clinical diagnosis had a sensitivity and specificity of 
85.7% whereas sonographic diagnosis had a sensitivity of 97.1% & specificity of 100%. 
36 
 Kannan S et al in 2011 conducted a study of ultrasound in detection of metastatic lymph 
nodes in oral cancer which yielded a sensitivity, specificity, PPV, NPV and accuracy of 
85.7%, 90%, 92.3%, 81.8% and 87.5%. 37 
 Ajit Damera et al in 2011 evaluated efficiency of USG in diagnosing inflammatory 
changes of masseter muscle in patients having cellulitis and abscess and found that the 
mean thickness of masseter on affected side is 1.5295 and 1.1745 on unaffected side, 
which shows increase in size of masseter on affected side .38 
 Jai Shankar et al in 2012 performed a study, which showed that the sensitivity of 
ultrasonographic diagnosis was 92% with a specificity of 100% in the evaluation of 
inflammatory swellings of head and neck region due to odontogenic infections.39 
 Yusa et al performed USG with Color Doppler in eight patients, yielded useful 
information in two cases. They found that in one case, the common carotid artery and the 
internal jugular vein were close to the abscess and that the facial artery was close to the 
abscess in the other case. 40 
 Arthi nisha et al in 2013 performed a study, one of the patients had a submandibular 
space infection which extended to the lateral pharyngeal space and the anterior 
mediastinum. By Color Doppler, they were able to find that the left internal jugular vein 
was involved closely with the abscess and that it was thrombosed, with absolutely no 
flow through it. Additionally, USG revealed that the submandibular gland and the entire 
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anatomy of the carotid region were distorted, thus advocating the need for an immediate 
surgical drainage.41 
 Sridhar et al in 2013 evaluated  the efficacy of ultrasound to differentiate a wide variety 
of salivary gland enlargements and found that ultrasonographic findings are very useful 
to diagnose sialadenosis, sialolith, accessory salivary gland, inflammatory condition and 
differentiation of salivary gland enlargement and lymph node enlargement in 
submandibular region.42 
 Vijai Pratap et al in 2013 evaluated palpable neck masses with US and CT, and 
compared their efficacy. He concluded that Ultrasound complimented coupled with 
CT. It is of immense help in the diagnosis and better management of palpable neck 
masses.43 
 Shahrazad Sami Saeedit et al in 2014 evaluated the efficiency of ultrasound with Color 
Doppler ultrasound in differential diagnosis of periapical lesions. He found it was 
possible to differentiate between cyst, abscess, granuloma and granuloma with acute 
exacerbation (phoenix abscess) by using ultrasound with Color Doppler ultrasound and it 
was also possible to measure the lesions, to evaluate their content and to evaluate their 
vascularization in the anterior part of the upper and lower jaws and premolars teeth. 44 
  Brijesh Tiwari  et al in 2014 evaluated differential diagnosis of periapical cyst and 
granuloma and found that infected cyst were hypoechoic, non-infected cyst were 
anechoic, vascular hypoechoic areas were found to be periapical granuloma. Accuracy 
was 100%,PPV was 86%,NPV was 100% .45 
 Vito Cantisani in 2014  reported a case of pyogenic granuloma using USG ,the features 
were polilobed hypoechoic lesion of size 13 mm x 7 mm, with polilobulated edges, and 
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highly significant arterial and venous vascularization with a peripheral calcification , 
suggested a hyper vascular lesion.46 
 Gandhi R et al in 2015 concluded Color Doppler Ultrasonography is useful for showing 
vascularity in oral masses and in differentiating malignant from benign growths. The 
variations seen in the blood flow in a malignant tumor after radio-chemo-therapy might 
also be of use for predicting response of a tumor to treatment.11 
  Shahidi et al in 2015 reported that USG does gives an idea about intrabony lesions, 
however, its histological correlation have not been carried out. Moreover, thick cortical 
plate overlying the swelling does not allow penetration of sound waves and makes it 
difficult to visualize the internal structure of the swelling. 47 
 T. D Ghode in 2016 concluded USG as useful in determining the tumor site and size; the 
sharp borders and homogeneity suggested the noninvasive nature of the lesion. Sharp 
border have also been noted in other acinic cell carcinomas. The echo structure of the 
tumor is not an indicator of malignancy. Whether a tumor is homogeneous or not, on the 
whole, gives no indication of its nature, as around 50% of both benign and malignant 
tumors have been found to be nonhomogeneous, which means that the echo structure of 
the tumor is not an indicator of malignancy. It was also concluded that vascularization 
alone cannot determine the benign or malignant nature of a tumor. 48 
  Ali Khalife et al in 2016 determined the sensitivity of US in differentiating malignant 
from benign tumors and it was intermediate (57%), but the specificity, positive 
predictive value, and negative predictive value were high, which indicates that the 
benign tumors were most correctly identified by US.49 
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 Chieko Sugawara et al in 2016 demonstrated the usefulness of intraoral ultrasonography 
(IOUS) for tongue mass lesions and revealed the nature of the lesions including the 
border, size, location, depth, the presence or absence of a capsule and the internal 
structure including vascularity of the mass. The ultrasonographic findings well reflected 
the histological findings.50 
 Sathyanarayan and Bharani et al in 2017 evaluated triplex ultrasonography 
characterization of cervical LNs with an acceptable degree of certainty to differentiate 
malignant from benign/reactive LNs in order to prevent invasive diagnostic procedures. 
He showed metastatic nodes were larger in size (0.8 cm) compared with non-metastatic 
nodes. Difference in hilar echogenicity between metastatic and non-metastatic lymph 
nodes with a specificity of 84.5%, sensitivity 75%, positive predictive value 76.59% and 
negative predictive value 83.3 %. 51 
 Vijay k Asrani et al in 2017 determined the efficacy of USG in diagnosing soft tissue 
swellings of the head and neck with various findings such as shape, boundary, echo-
intensity, ultrasound architecture, presence of necrosis, posterior echoes, ultrasound 
characteristic of lesion, and vascularity. He concluded that in case of an inflammatory 
swelling, ultrasonography had a sensitivity of 100%, specificity of 89.5%, PPV of 
84.6%, NPV of 100%, and accuracy of 93.3%. In cystic swellings, ultrasonography had 
a sensitivity of 85.7%, specificity of 100%, PPV of 100%, NPV of 95.8%, and accuracy 
of 96.67%. Ultrasonography had a sensitivity of 100%, specificity of 100%, PPV of 
100%, NPV of 100%, and accuracy of 100% among non odontogenic benign tumors. In 
malignant swellings, ultrasonography had a sensitivity of 80%, specificity of 100%, PPV 
of 100%, NPV of 96.2%, and accuracy of 96.67%. 52 
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 Prakash Vijayan et al in 2017 compared the clinical and ultrasonographic features of 
cervicofacial lymphadenopathy. The ultrasonographic parameters such as number, size, 
shape, short axis/long axis ratio, border sharpness, hilum, echogenicity, distribution of 
the internal echoes & intranodal necrosis are included. He concluded that features 
specific for benign lymphadenopathy are oval/round shape, sharp borders, presence of 
echogenic hilum, hypoechoic nodes, homogenous distribution of internal echoes and 
absence of nodal necrosis. Whereas those suggestive of malignant spread are round in 
shape, un-sharp borders, absence of echogenic hilum, hyperechoic nodes, heterogeneous 
distribution of internal echoes and presence of nodal necrosis. 53 
 Deepankar Misra et al in 2017 concluded that Color Doppler flow signals revealed 
central/hilar flow was characteristic for benign nodes whereas peripheral/mixed flow 
was characteristic for malignant nodes.54 
 Patange NA et al in 2017 demonstrated as how high resolution ultrasound imaging and 
use of Color Doppler can be useful in evaluation of salivary gland lesions .He concluded 
ultrasonographic typical features for pleomorphic adenomas were sharp borders, 
lobulations of the contour, homogeneous structure, poor vascularization and acoustic 
enhancement.55 
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A total number of 40 patients (M/F) with an age range of 17-70 years, with head and neck 
swellings and clinically diagnosed as inflammatory lesions, benign cyst and tumors, 
malignant lesions were selected from the Department of Oral Medicine and Radiology, Best 
Dental Science College, Madurai during JAN 2016- JUNE 2017. USG Diagnosis was 
performed at Arthi scans Diagnostic Center, Madurai. This cross sectional study was done to 
determine the ultrasonographic findings of various swellings in the orofacial region and also 
to assess the reliability and accuracy of ultrasonography with color Doppler as an adjunctive 
diagnostic aid for diagnosis of benign and malignant orofacial lesions. 
Ethical clearance 
The synopsis of the proposed Research was prepared and submitted to the Institutional 
Review Board, Best Dental Science College and Research Hospital, Madurai for Ethical 
Approval. After the review and scrutiny by the board members, approval was granted to 
conduct the research (Annexure I). The study was conducted after obtaining informed 
consent from the participants. (Annexure II). 
Eligibility criteria 
Inclusion Criteria 
 Patient of both sex from the age of 17-70 years were included. 
 Patients who presented with unilateral swelling in the maxillofacial region includes 
inflammatory [abscess and cysts], parotid gland swelling, benign lesions with or 
without lymph node enlargement. 
 Malignant lesions involving head and neck with or without lymph node involvement. 
 
 
 
 
 
 
MATERIALS AND METHODS  
 
17 
 
Exclusion criteria 
• Patients who require immediate emergency management. 
• Swellings owing to trauma or fracture were not included in the study. 
• Patients with bilateral involvement of fascial spaces. 
• Patients with bony pathologies such as hyperparathyroidism, Paget’s disease, fibrous 
dysplasia. 
• Swellings obscured by an overlying jaw bone were not included, e.g. any pathology 
present in the deep lobe of the parotid gland not seen on the ultrasound as it is 
obscured by the ramus of the mandible. 
Pilot study 
• A pilot study was done to know the feasibility of the study, to pretest and to calculate 
the sample size. Kappa statistics for intra examiner reliability was found to be 0.9. 
Sample size calculation 
• The sample size n = 2 x{z (1-/2)+ z(1-)}2     
     
Where z (1-/2)   is the alpha error whose value for significance level of 5% (confidence level 
of 95%), is 1.96 and z (1-)   is the beta error or power of the study whose value power of 95% 
is 1.6449 and 
•  p1-p2)2     where p = p1+p2    
                p’(1-p’)                         2
 p1 = 1.0     p2   = 0.72             
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 P’ = 1.0 +0.72   =  0.86
                   2 
    
                0.86 (1-0.86)
     
                0.86 X 0.14 
                   
Alpha error at 5% significance level  = 1.96 
Beta error (power) at 95 %   = 1.6449 
 
Sample size    n   = 2 (1.96 + 1.6449)2      =   2(3.6049)2 
                0.6512               0.6512 
           =   25.9906/0.6512 
      = 39.91 rounded off to 40 
The required sample size is 40 cases for a significance level of 5 % (confidence level of 95%) 
and power of 95%. 
The standard case history format was followed (Annexure III). The case history format was 
verified by a panel of experts from the Department of Oral Medicine and Radiology and 
modified in accordance with their recommendations to ensure comprehensive ability. 
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The patient’s detailed case history was recorded and clinical examinations were carried out 
on the basis of criteria given by Das. Criteria include inspection of swellings and palpation of 
swellings. On inspection, site, color, shape, size, border, surface and overlying skin over the 
swelling were noted; under palpation, consistency, tenderness, temperature, fluctuance, 
compressibility and fixity of skin over the swelling were recorded. The data obtained were 
recorded in the structured proforma for recording clinical findings. After clinical 
examination, provisional diagnosis was made followed by certain investigations such as 
intraoral periapical radiograph, orthopantomograph, blood investigations. Based on the 
provisional diagnosis, swellings were divided into 2 groups as per their characteristics, 
GROUP A with benign [inflammatory, cyst and tumors] and GROUP B with malignant 
lesions. 
Ultrasonographic investigation was carried out by using VOLUSON 750 PRO ultrasonic 
equipment with a linear transducer probe at a frequency from 6-19MHZ. An experienced, 
qualified Sonographer from the Department of Radio diagnosis, who was unaware of the 
clinical data and blinded to the cases, performed the ultrasonographic examinations. 
During the ultrasonographic examination, each patient was instructed to lie down on the 
examination table with the shoulders supported by a pillow and the operator seated by the 
right side of the examination table.  
A coupling gel which comprises of gelling agent etherified hydroxyethylcellulose, an 
antimicrobial agent specifically quaternary ammonium compounds, and solvent such as 1, 3-
propanediol and water, was applied over the area of interest. The transducer was then moved 
in either a transverse or longitudinal direction- whichever was more characteristic and 
informative. First, the mass was localized with real time, gray-scale sonography and the size 
(largest diameter) of the lesion was measured. Then, Color Doppler mapping of the entire 
mass was performed to detect blood flow.  
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Ultrasonographic findings  
 Boundaries such as ill-defined and well defined  
 Internal echo pattern which includes hyperechoic, hypoechoic and anechoic 
 Distribution of echoes such as homogenous or heterogeneous 
 Posterior wall echoes-enhanced, intermediate and unchanged 
 Vascularity – increased or avascular 
After USG findings, diagnosis was confirmed and treatment was planned accordingly. 
Following clinical and ultrasonography investigations, the diagnosis of swelling was 
confirmed either by fine needle aspiration cytology/biopsy and histologic confirmation. For 
inflammatory swelling, elimination of the cause either by incision and drainage or 
nonsurgical management was considered confirmatory. 
STATISTICAL TOOLS 
The information collected regarding all the selected cases were recorded in a Master 
Chart. Data analysis was done with the help of computer using Statistical Package for Social 
Sciences (SPSS Inc., Chicago, IL, version 22.0 for Windows).   
Using this software frequencies and percentages were calculated for qualitative 
variables. Range, means and standard deviations were calculated for quantitative variables. ‘t’ 
value, chi square and   ‘p’ values were also calculated. Student’s unpaired‘t’ test was used to 
test the significance of difference between quantitative variables and Yate’s and Fisher’s chi 
square tests for qualitative variables. A 'p' value less than 0.05 denotes significant 
relationship.  
Sensitivity   = True positive    x 100 
     True positive + false negative 
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Specificity   = True negative     x 100 
     False positive + true negative 
Positive predictive value = True positive    x 100 
     True positive + False positive 
Negative predictive value = True negative    x 100 
                                                            True negative + False negative 
Accuracy   = True positive + True negative     x  100  
                            N 
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FIG 1   RECORDING OF DETAILED CASE HISTORY 
 
 
FIG 2 EXAMINATION OF PATIENT 
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FIG 3 Ultrasound machine VOLUSON 750 PRO 
 
 
 FIG 4 Linear probe 
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The total sample consisted of 40 patients, with an age range of 17-70years. They were divided 
into two groups, GROUP A includes patients with inflammatory swellings [odontogenic and non 
odontogenic origin], benign cyst and tumors. 
GROUP B includes malignant orofacial lesions with or without lymph node involvement. 
The mean age of patients who presented with inflammatory lesions was found to be 33 years, for 
benign cyst and tumors it was 41.2 years, for malignant lesions it was 51.1 years. 
 
GRAPH 1 Distribution of study population [n=40] among the groups. 
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Graph 1 reveals equal distribution of benign [20] and malignant cases [20] among the study 
Group A and B. 
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TABLE 1 COMPARISON OF CLINICAL, ULTRASONOGRAPHIC AND 
HISTOPATHOLOGICAL DIAGNOSIS. 
 
 
Diagnosis 
Diagnosis 
Clinical Ultrasonography Histopathology 
No. % No. % No. % 
Abscess 
Cellulitis 
Lymphadenopathy 
Inflammatory total 
Cyst 
Tumor 
Tumor & Cyst total 
Benign total 
7 
5 
Nil 
12 
1 
7 
8 
20 
17.5 
12.5 
Nil 
30.0 
2.5 
17.5 
20.0 
50.0 
7 
4 
1 
12 
1 
6 
7 
19 
17.5 
10.0 
2.5 
30.0 
2.5 
15.0 
17.5 
47.5 
8 
4 
Nil 
12 
Nil 
8 
8 
20 
20.0 
10.0 
Nil 
30.0 
Nil 
20.0 
20.0 
50.0 
Malignant total 20 50.0 21 52.5 20 50.0 
Total 40 100.0 40 100.0 40 100.0 
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Distribution of clinical diagnosis 
Inflammatory swellings that showed signs of inflammation from odontogenic origin were 
clinically diagnosed as cellulitis and abscesses. TABLE 1 shows that among the Group A, the 
clinical diagnosis revealed that out of the 30% inflammatory swellings, 17.5% were diagnosed as 
abscesses and 12.5% as cellulitis. Out of 20% benign cyst and tumors, 17.5% were diagnosed as 
benign tumors and 2.5% was diagnosed as cyst. There were 50% clinically diagnosed malignant 
lesions in Group B. 
Distribution of Ultrasonographic Diagnosis 
TABLE 1 shows that among the Group A, USG diagnosis revealed that out of the 30%  
inflammatory swellings, 17.5% were diagnosed as abscesses and 10%  were cellulitis ,2.5% were 
lymphadenopathy. Out of 20% benign cyst and tumors, 15% were diagnosed as benign tumors 
and 2.5% was diagnosed as cyst, 2.5% were malignant lesion. There were 50% malignant lesions 
in Group B. 
Distribution of Histopathological Diagnosis 
 
TABLE 1 shows among Group A, the histopathological diagnosis confirmed that among the 30% 
inflammatory swellings, 20 % were diagnosed as abscesses and 10% were cellulitis. Among 
benign cyst and tumors, none were cyst, 20 % benign tumors were confirmed. Among the 50% 
malignant lesions, all were confirmed malignant [50%].  
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Comparison of clinical diagnosis with USG diagnosis  
USG diagnosis showed one malignant lesion among clinically diagnosed 20 benign lesions, 
hence USG diagnosis resulted in 52.5% of malignancy with the total number of benign 
lesions to be 19 and malignant lesions to be 21.  
Comparison of USG diagnosis with histopathological diagnosis 
Differences in diagnosing abscess and cellulitis by USG was noted. The USG Diagnosis of 
cyst was not confirmed histopathologically. One of the benign lesion diagnosed as 
malignant in USG proved to be misdiagnosed. 
GRAPH 2 SENSITIVITY ANALYSIS OF USG WITH CLINICAL DIAGNOSIS 
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GRAPH 3 SENSITIVITY ANALYSIS OF USG DIAGNOSIS WITH THE GOLD 
STANDARD HISTOPATHOLOGICAL DIAGNOSIS 
 
 
SENSITIVITY ANALYSIS OF INFLAMMATORY LESIONS 
From GRAPH 2 the correlation of clinical diagnosis with USG Diagnosis provides sensitivity 
analysis of USG, in which the sensitivity, specificity, Positive predictive value [PPV], Negative 
predictive value [NPV] and Accuracy was 100% for inflammatory lesions. 
From GRAPH 3 Comparison of USG with histopathological diagnosis reveals Sensitivity, 
Specificity, PPV, NPV and Accuracy was 100% for inflammatory lesions. 
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TABLE 2 ULTRASONOGRAPHIC FEATURES OF INFLAMMATORY LESIONS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Among the inflammatory swellings majority of the boundaries were ill defined followed by well 
defined, most of the internal echo was hypoechoic followed hyperechoic, architecture was 
predominantly homogenous followed by heterogeneous. Color Doppler reveals peripheral 
vascularity was common followed by mixed vascularity as shown in TABLE 2. 
Feature . 
No. % 
Boundary 
Ill defined 
Well defined 
 
8 
5 
 
61.5 
38.5 
Internal Echoes 
Hypoechoic 
Hyperechoic 
Mixed echoic 
 
10 
3 
- 
 
76.9 
23.1 
- 
Architecture 
Heterogeneous 
Homogenous 
 
1 
12 
 
7.7 
92.3 
Posterior wall echoes 
Enhancement 
No enhancement 
 
- 
13 
 
- 
100.0 
Vascularity 
Avascular 
Peripheral 
Central 
Mixed 
 
1 
11 
- 
1 
 
7.7 
84.6 
- 
7.7 
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GRAPH 4 PERCENTAGE OF USG FEATURES OF INFLAMMATORY LESIONS   
 
 
 
The graph suggests that majority of the inflammatory lesions have ill-defined boundaries, 
hypoechoic internal echo, homogenous architecture with peripheral vascularity. 
SENSITIVITY ANALYSIS OF BENIGN CYST AND TUMORS 
 
For clinically diagnosed cyst and benign tumors, the sensitivity is 87.5%, specificity is 100, PPV 
is 100, NPV is 97, and Accuracy is 97.5%. For the  total 20 benign lesions which includes 
inflammatory lesions, benign cyst and tumors, the sensitivity is 95%,specificity is 100,PPV is 
100,NPV is 95.2, and ACCURACY is 97.5% as shown in GRAPH 2. For histopathologically 
confirmed cyst and benign tumors, the sensitivity is 87.5%, specificity is 100, PPV is 100, NPV 
is 97 and ACCURACY is 97.5%.  For the 20 benign lesions which includes odontogenic space 
infections, cyst and tumors, the sensitivity is 95%, specificity is 100,PPV is 100,NPV is 95.2, 
and Accuracy is 97.5% as shown in GRAPH 3. 
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TABLE 3 USG FEATURES OF BENIGN CYST AND TUMORS 
Feature Cases ( n = 7) 
No. % 
Boundary 
Ill defined 
Well defined 
 
1 
6 
 
14.3 
85.7 
Internal Echoes 
Hypoechoic 
Hyperechoic 
Mixed echoic 
 
5 
1 
1 
 
71.4 
14.3 
14.3 
Architecture 
Heterogeneous 
Homogenous 
 
4 
3 
 
57.1 
42.9 
Posterior wall echoes 
Enhancement 
No enhancement 
 
1 
6 
 
14.3 
85.7 
Vascularity 
Avascular 
Peripheral 
Central 
Mixed 
 
1 
2 
- 
4 
 
14.3 
28.6 
- 
57.1 
 
TABLE 3 reveals that the boundaries of  benign cyst and tumors were notedly well defined  
followed by ill defined, internal echo pattern was hypoechoic followed by hyperechoic and 
mixed echoic pattern. The Architecture was mostly heterogeneous followed by homogenous. 
Color Doppler analysis reveals majority of lesions had mixed vascularity followed by peripheral 
vascularity. 
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 GRAPH 4 PERCENTAGE OF USG FEATURES OF BENIGN CYST AND TUMORS  
 
The Graph suggests, benign cyst and tumors have the characteristic features of well-defined 
boundaries, heterogeneous architecture, hypoechoic echo pattern and mixed vascularity. 
SENSITIVITY ANALYSIS OF MALIGNANT LESIONS 
 For the 20 clinically diagnosed malignant lesions, sensitivity is 100, specificity is 95, PPV is 
95.2, NPV is 100, and Accuracy is 97.5 as shown in GRAPH 2. For the 20 histopathologically 
confirmed malignant lesions, the sensitivity is 100%, specificity is 95%, PPV is 95.2 %, NPV is 
100 and accuracy is 97.5% as shown in GRAPH 3. 
The accuracy for evaluating inflammatory lesions using USG was found to be superior to 
benign cyst and tumors among Group A. The sensitivity [true positive results] for 
inflammatory and malignant lesions was found to be 100% [highly significant]. The 
sensitivity [true positive] for diagnosing malignant lesions are superior than benign lesions. 
Accuracy for evaluating benign and malignant lesions were found to be equal. 
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TABLE 4 USG FEATURES OF MALIGNANT LESIONS 
Feature Cases( n = 20) 
No. % 
Boundary 
Ill defined 
Well defined 
 
14 
6 
 
70.0 
30.0 
Internal Echoes 
Hypoechoic 
Hyperechoic 
Mixed echoic 
 
7 
- 
13 
 
35.0 
- 
65.0 
Architecture 
Heterogeneous 
Homogenous 
 
19 
1 
 
95.0 
5.0 
Posterior wall echoes 
Enhancement 
No enhancement 
 
- 
20 
 
- 
100.0 
Vascularity 
Avascular 
Peripheral 
Central 
Mixed 
 
5 
1 
4 
10 
 
25.0 
5.0 
20.0 
50.0 
 
Table 5 reveals that most of the malignant lesions had ill-defined borders, mixed echoic pattern, 
heterogeneous architecture, and mixed vascularity. 
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TABLE 5 Comparative efficacy of Ultrasonography 
 
 
 
The sensitivity of USG for Malignant lesions is 100 %, with 100% PPV and accuracy 100 %. 
The accuracy of benign lesions is 95%. From the table 5, it is evident that, efficacy of diagnosing 
malignant lesions is 100% and 95% for benign lesions.
 
Efficacy of Ultrasonography 
 
Benign cases 
 
Malignant cases 
Sensitivity - 100 
Specificity 95 - 
Positive Predictive Value - 100 
Negative Predictive Value 100 - 
Accuracy 95 100 
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Ultrasonics, which for long remained the preserve of basic research, has over the past few years 
emerged as an important tool for a variety of applications in the field of medicine. It has been 
applied for diagnosis in orofacial region in very recent years but it is not routinely used.56 USG is 
indicated in various lesions of the jaw which includes soft tissues swellings, salivary gland 
disorders, lymph node disorders, malignant neoplasms, etc.52 Hence this study includes 
inflammatory, cystic, benign and malignant neoplasms to evaluate the role of USG in diagnosing 
these lesions. The efficacy of color Doppler ultrasound was also evaluated in differentiating 
benign and malignant lesions by detecting differences in blood flow patterns. In the present 
study, 40 patients with obvious orofacial lesions were included, irrespective of age and sex. They 
were subdivided into two group, comprising benign orofacial lesions such as inflammatory 
odontogenic infections, benign cyst and tumors in one group, and malignant lesions in another 
group. 
  
USG FEATURES OF INFLAMMATORY LESIONS 
In the present study inflammatory swellings had 61.5% ill-defined boundaries, 76.9% 
hypoechoic internal echo, 92.3% homogenous architecture and 84.6% peripheral 
vascularity. The images appeared as a diffuse area of increased echo intensity and anatomical 
structures were difficult to delineate in cellulitis. An abscess appeared as a delineated area with 
posterior enhancement. These findings were consistent with findings given by Sivarajasingam 
et al 57 and Baurmash et al 58 who stated that in cases of abscesses, ultrasonography showed 
reduction of echo intensity and deep ‘‘underlying cystic change’’. R.Srinivas et al revealed that 
inflammatory swellings of buccal space showed hypoechoic in 54.2% and anechoic in 45.8% 29, 
Venkateswarlu et al revealed that all the abscess had relatively hypoechoic pattern59. Shah and 
Asrani et al showed most of the inflammatory swellings had relatively clear boundaries, 
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hypoechoic echo intensity, and homogeneous ultrasound architecture of lesion52 which were 
found in our cases of cellulitis, and abscess. 
 
 
FIG 5 Diffuse subcutaneous edema with neovenous channels, no evidence of focal 
collection, abscess, suggestive of chronic cellulitis (Case 1). 
                                                               DISCUSSION 
 
37 
 
 
FIG 6 Ill-defined cystic lesion in left buccal space with poorly maintained fat planes with 
left masseter muscle suggestive of abscess (Case 2). 
 
SENSITIVITY ANALYSIS OF INFLAMMATORY LESIONS 
 
According to Bassiony et al 30 the swellings arising due to intraoral odontogenic infections and 
infections of the spaces of the maxillofacial area diagnosed by USG found that it was also useful 
in detecting the stages of the swelling viz., edematous changes, cellulitis, preabscess and 
complete abscess formation. The present study of USG aids in confirming the diagnosis of 
edema, cellulitis and abscess. This is important because each condition requires a different 
treatment like edema responds to anti-inflammatory and cellulitis responds to systemic 
antibiotics; an abscess must be treated carefully as it warrants surgical drainage. This study 
reveals sensitivity, specificity, PPV, NPV, accuracy of USG diagnosis was 100% for 
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inflammatory lesions over clinical diagnosis, which showed the same results conducted by 
B.O Akinbami et al in 2006 where inflammatory swellings shows accuracy 70%, sensitivity 
87.5%, specificity 0.0% positive prediction was 77.8% and negative prediction was 0.0%.26 
R.Srinivas et al showed sensitivity 96%, specificity 100%.29 Chandak R et al showed 
sensitivity of 97.1%, specificity of 100%. 36 Kannan S et al showed sensitivity, specificity, PPV, 
NPV and accuracy of 85.7%, 90%, 92.3%, 81.8% and 87.5%.37 .Jai Shankar et al, had shown 
that the sensitivity of ultrasonographic diagnosis was 92% with a specificity of 100. 39 Arthi 
nisha et al in 2013 showed Sensitivity, Specificity , PPV, NPV and Accuracy  for odontogenic 
infections as  95.7%, 100.0%, 100.0%, 100.0%,  97.1%.41 Shah and Asrani et al showed 
sensitivity of 100%, specificity of 89.5%, PPV of 84.6%, NPV of 100%, and Accuracy of 
93.3%.52  
 
USG FEATURES OF BENIGN CYST AND TUMORS 
Cyst: 
In the present study Cyst appear as hypoechoic with a very clear boundary and 
homogeneous echo texture, with posterior enhancement which is consistent with Chandak et 
al study, where most of cystic swellings had very clear boundaries, round shapes and anechoic 
echo intensity, architecture was homogeneous, posterior echoes appeared enhanced. According 
to Shah and Asrani et al most of the cystic swellings have an oval shape, very clear boundaries, 
anechoic echo intensity, homogenous architecture, enhanced posterior echoes.52  
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FIG 7 Well defined expansile hypoechoic lesion measuring 4x3cm, demonstrates internal 
debris suggestive of cyst (Case 3) 
Benign tumors 
In the present study Hemangioma had a heterogeneous, hyperechoic, ill-defined 
boundaries consistent with Hong-Jen Chiou et al 32, who revealed typical pattern of a 
hemangioma to be heterogeneous hyper echogenicity or hypo echogenicity, ill-defined margins, 
ovoid shape, solid and cystic composition. Shah and Asrani et al showed vascular lesions to be 
ill defined boundaries, mixed echo intensity, heterogeneous architecture, enhanced posterior 
echoes.52 Chandak et al showed two cases had hypoechoic echo intensity with heterogeneous 
internal architecture and a posterior echo that appeared enhanced.36 A case of pleomorphic 
adenoma in our study showed an oval shape with partially unclear boundaries, mixed echo 
intensity, and heterogeneous structure with mixed vascularity. Shah and Asrani et al showed 
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pleomorphic adenoma to have an oval shape with partially unclear boundaries, mixed echo-
intensity, and heterogeneous structure with posterior echoes being attenuated having mixed 
content with no vascularity.52 In Chandak et al study, pleomorphic adenoma had a very clear 
boundary, was rounded in shape and had hypoechoic echo intensity associated with 
heterogeneous internal architecture.36 
 
 
FIG 8 Arteriovenous malformation with homogenous, ill-defined with hypoechoic echo 
pattern (Case 4). 
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 USG features and Sensitivity analysis of benign cyst and tumors 
The ultrasonographic features of benign cyst and tumors were well defined clear boundaries 
were 85.7% hypoechoic were 71.4% heterogeneous internal echo pattern was 57.1%, with both 
mixed and peripheral vascularity 57.1% noted. For cyst and benign tumors, the sensitivity is 
87.5%, specificity is 100, PPV is 100, NPV IS 97, Accuracy is  97.5% which is found to be 
similar with studies conducted by Shah and Asrani et al 52, he showed sensitivity of 100%, 
specificity of 100%, PPV of 100%, NPV of 100%, and accuracy of 100%.  
Lymph nodes: 
A benign lymph node in this study had well defined boundary, hypoechoic echogenecity, 
homogenous internal echo and mixed vascularity. Prakash vijayan et al reported benign 
lymphadenopathy were oval/round shape, sharp borders, presence of echogenic hilum, 
hypoechoic nodes, and homogenous distribution of internal echoes and absence of nodal 
necrosis.53 
According to review article by Anil T. Ahuja, normal and reactive nodes tend to be hypoechoic, 
oval or round .60According to review Sorin M. Dudea, reactive nodes are small, oval (L/S > 2) 
or elongated, with sharp margins, present as echogenic central hilum and a hypoechoic 
echogenecity. Normal and reactive lymph nodes are usually found in submandibular, parotid, 
upper cervical, and posterior triangle regions. On gray-scale sonography, normal and reactive 
nodes tend to be hypoechoic compared with adjacent muscles and oval except for submandibular 
and parotid nodes, which are usually round, and have an echogenic hilus. The upper limit in 
minimal axial diameter of normal and reactive nodes is 9 mm for subdigastric and submandibular 
nodes and 8 mm for other cervical nodes.61 
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FIG 9 Benign lymph node with well-defined boundary, hypoechoic echogenecity, 
homogenous internal echo and mixed vascularity (Case 5). 
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MALIGNANT LESIONS 
USG FEATURES OF MALIGNANT LESIONS 
1. MALIGNANT LYMPH NODE 
In the present study, malignant lymph nodes were more than 3x2 cm in dimension, mixed 
echoic, heterogeneous, round in shape. 
A) A lymph node measuring more than 7mm in the short axis was observed. 
B) A more round shape rather than oval shape was observed. 
C) Nodes were avascular followed by mixed vascularity. 
Malignant nodes showed greater short axis diameter and long axis diameter than the benign 
nodes according to Misra et al 54, similar observations were also made by Yusa et al 40. Curtin, 
et al showed that combined information on the size and internal architecture of the node 
facilitated the detection of nodes that were metastatic from squamous cell carcinoma of the head 
and neck, confirming, at least in part, the significance of the assessment of the internal 
architecture of a node for the detection of metastatic nodes.62 Triplex sonographic evaluation of 
enlarged nodes is also based on assessment of the internal architecture as well as size 
determination of the node, and abnormalities in the node may be reflected by increased 
parenchymal echogenicity or loss of hilar echogenicity in malignant disease.51 According to 
Ahuja in 2008, Nodal size alone cannot be used to distinguish reactive from metastatic lymph 
nodes. However, the size of lymph nodes is useful in two clinical situations: (1) increase in nodal 
size on serial examinations in a patient with a known carcinoma is highly suspicious for 
metastatic involvement; (2) serial reduction in nodal size is a useful indicator in monitoring 
patient’s response to treatment. Metastatic nodes are usually hypoechoic, round, and without 
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echogenic hilus. Coagulation necrosis, which appears as a demarcated echogenic focus may be 
found in metastatic nodes.12 
 Lymph nodes with cystic necrosis are suggestive of malignancy and intranodal cystic necrosis is 
common in metastatic nodes of squamous cell carcinomas. A proven metastatic lymph node with 
ill-defined borders may suggest extra capsular spread and patients may have a poor prognosis  
The vascularity of lymph node metastases is generally less  than healthy lymph node parenchyma 
and therefore act as areas of perfusion defects; moreover, the presence of completely avascular 
necrosis in metastatic lymph nodes is frequent. 52 
 
FIG 10 MALIGNANT LYMPH NODE (CASE 6) 
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Carcinoma of the oral cavity is very aggressive and usually infiltrates the surrounding tissue and 
lymph vessel, producing metastasis in the cervical region. The appropriate management of the 
nodes in patients with head and neck cancers is critically important because the presence of 
cervical metastasis is the most powerful independent indicator of loco‑regional recurrence and 
overall survival rate. Clinically undetectable nodal metastasis is the least possible scenario 
accounts for failure of treatment. Incidence of neck metastasis in oral SCC is reported to be 34-
50%.31 
Carcinoma of buccal mucosa 
 
FIG 11 Malignancy in buccal mucosa (CASE 7) 
All the lesions had ill-defined borders, mixed echoic pattern, heterogeneous architecture, mixed 
vascularity and no posterior enhancement. In cases of carcinoma of buccal mucosa, Puffed 
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Cheek Technique was employed, patient was instructed to blow and cheek was studied in puffed 
up position. Ultrasound scan was performed in both axial and coronal planes. Cheek, in puffed 
up position made the layers taut improving the visibility of the layers and helped in accurately 
defining the size of the lesion than in resting position. From Chandak et al study, most 
malignant neoplasms had ill-defined boundaries, irregular shapes and hypoechoic echo intensity. 
The ultrasound architecture of lesions of malignant neoplasms was heterogeneous, posterior 
echoes appeared unchanged and ultrasound characteristic of tissues of malignant neoplasms were 
solid in nature. If there was no enhancement or attenuation posterior to the lesion, posterior 
echoes were considered to be unchanged. 36 
Carcinoma of lip 
 
FIG 12 MALIGNANCY IN LIP (CASE 8) 
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Malignancy in lip showed ill defined, homogenous echogenicity heterogeneous architecture with 
mixed vascularity. The spectral wave analysis for veruccous carcinoma reveals PSV to be -15. 
EDV to be -5, P.I was 1.25, and R.I was 0.67 which was consistent with study conducted by 
Gandhi R et al. 11 
 
FIG 13 SPECTRAL WAVE ANALYSIS OF MALIGNANCY IN LIP 
Malignant tissues, as a consequence of abnormal morphogenesis, have structurally abnormal 
blood supplies. This is seen more in relation to the process of neo angiogenesis brought about to 
sustain cancerous growths depending upon their growth potential and rate. Each tumor type has a 
characteristic vascular pattern. Vessels with low impedance flow have low pulsatility and 
resistivity indices. According to studies, this low-impedance tumor flow is helpful in 
differentiating malignant from benign tumors. Also, changes in blood flow in malignant tumors 
have also been of some significance in predicting tumor response to radio and chemo-therapy. 
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For an undiagnosed lesion in the oral cavity, the low impedance flow signal seen on Color 
Doppler sonograms suggested a high probability of the lesion being malignant. 11 
Carcinoma of alveolar ridge 
Squamous cell carcinoma of alveolar ridge showed Ill-defined hypoechoic with heterogeneous 
architecture with mixed vascularity noted. Comparison with contralateral alveolar ridge 
reveals cortical discontinuity No similar studies were done in the literature. 
 
 
FIG 14 MALIGNANCY IN ALVEOLAR RIDGE (CASE 9) 
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FIG 15 COMPARISON OF MALIGNANCY IN ALVEOLAR RIDGE WITH 
CONTRALATERAL SIDE 
Minor Salivary gland tumor 
 
FIG 16 MALIGNANCY IN LIP (CASE 10). 
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In the present study, adenoid cystic carcinoma on lip showed, ill-defined mixed echoic 
lesion, heterogeneous [few specks of calcifications] architecture with mixed vascularity noted. 
Ishikawa H and associates in 1983, in their study on malignant salivary gland swellings, 
observed that mucoepidermoid carcinoma and malignant pleomorphic adenoma had solid 
pattern, irregular boundary echo, and heterogeneous internal echo.64 Kisse KW and associates in 
2002, stated that ultrasonographically malignant salivary gland tumors appeared as illdefined and 
heterogeneous.65 Bhosale GR and associates studied malignant tumors, ultrasonographically, 
which showed complex echo texture with heterogeneous internal echo and irregular 
boundaries.18 
Carcinoma of tongue:  
In this study ultrasound shows the primary lesion in tongue as a hypo-echoic mass with clear 
delineated margins and Doppler showed mixed vascularity of the lesion. Carcinoma of tongue 
showed tumor metastases to level 1b, level 2 and level 3 lymph nodes in 2 cases. Tumors in the 
oral cavity metastasize to the submandibular and upper cervical regions, although carcinoma of 
the tongue may give rise to skip metastases in the lower neck. The tumor can be measured 
accurately and the tumor margins can be assessed adequately. Yuen et al showed that intra-oral 
ultrasonography was accurate in measuring tumor thickness and they also cited its usefulness in 
pre-treatment staging and prognosis. A study done in Japan using intraoral ultrasound also 
showed that ultrasonography is an excellent imaging modality in delineating tumor margins and 
tumor thickness. Ultrasound can be used as a first line modality of choice for preoperative 
assessment of tumor thickness.21 
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SENSITIVITY ANALYSIS OF MALIGNANT LESIONS 
For the 20 histopathologically confirmed malignant lesions, the sensitivity is 100%, specificity is 
95%, PPV is 95.2 %, NPV is 100 and accuracy is 97.5%. According to Chandak et al36, 
malignant lesions had sensitivity of 100%, specificity of 98%, PPV was 94.7%, NPV was 100% 
and accuracy was 98.5%. According to B.O Akinbami 26, sensitivity for malignant lesions was 
50%, PPV was 50% accuracy was 100%. 
From the study, the following inferences were made  
 Differences in abscess and cellulitis were established, differences in benign and 
malignant lymph nodes were made, differences between benign and malignant 
lesions were accomplished, and distant metastasis from oral carcinoma was 
evaluated with the help of USG features. 
 Inflammatory swellings had ill-defined boundaries, hypoechoic internal echo, 
homogenous architecture with peripheral vascularity, accuracy was evaluated to be 
100%. 
 Benign Cyst and tumors have the characteristic features of well-defined boundaries, 
heterogeneous architecture, and hypoechoic echo pattern with mixed vascularity. 
Accuracy was evaluated to be 97.5%. 
 Malignant lesions had ill-defined borders, mixed echoic pattern, heterogeneous 
architecture, with mixed vascularity. Accuracy was evaluated to be 97.5%. 
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Hence, USG can be a valuable aid to oral and maxillofacial and head and neck surgeons, if the 
following situations exist:  
1) MRI is not available.  
2) MRI results are not definitive, as in cases with fixed metallic restorations in the oral cavity  
    causing artifacts in the obtained MR image.  
3) The patients are suffering from claustrophobia; and/or  
4) The patient is young with excessive movement during the image acquisition and need general  
     anesthesia then USG could be used as an alternative modality.
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Ultrasonography has inspired the world of medical imaging as a diagnostic and therapeutic aid. 
Diagnostic ultrasound has been used as a very reliable diagnostic tool in the medical field, yet it 
had not found its place as a routine diagnostic aid in the orofacial region. Power Doppler USG is 
used to measure the blood flow, diagnose soft tissue lesions, hemangiomas and vascular 
malformations. 
The following conclusions were made in the study, USG proved to be efficient in diagnosing 
inflammatory lesions, benign cyst and tumor and malignant lesions, with greater accuracy for 
inflammatory, followed by malignant lesions and benign cyst and tumors. USG could 
differentiate benign and malignant lesions with greater accuracy of 100% for malignant lesions. 
Metastasis of oral carcinoma to different levels of lymph nodes was diagnosed. 
Spectral wave analysis can differentiate benign and malignant lesions. A significant association 
was observed between clinical, ultrasonographic and histopathological diagnosis. Further 
detailed study on carcinoma of tongue can reveal tumor depth and tumor margins which can help 
in preoperative assessment of tumor thickness. CD flow imaging provides the information on 
blood flow that supplements the information gained by the routine sonography, and thus is useful 
in the diagnosis OSCC. The eventual decrease in blood flow in a malignant tumor after 
treatment/radio-chemotherapy might also be useful for predicting the response of a tumor to the 
treatment based on the characteristic low-impedance flow shown by the malignant tumors. It 
should however, be highlighted that, like other imaging techniques it is not possible to suggest 
the true nature of the disease by ultrasonography for which we should rely on histopathology. 
Currently, ultrasound-guided biopsy or FNAC is of value in decreasing false-negative results, 
since solid and cystic areas can be localized by the scan. Ultrasound-guided biopsy or aspiration 
will have a greater diagnostic aid and specificity one of the goals of this study was to 
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differentiate between various types of head and neck swellings using an ultrasonographic 
investigative procedure, and this study appreciates the important role of ultrasonography in 
diagnostic approach. Therefore, it should be routinely performed as a part of evaluation of all 
patients with head and neck swellings. It can be concluded from the study that, together with 
clinical and histopathological examinations, ultrasonography works out as a valuable adjunct in 
the diagnosis of Orofacial swellings. In our routine practice, the importance of USG should be 
emphasized to all the practitioners. A small, portable USG machine will definitely be affordable 
in a dental hospital setup, which will aid the oral radiologists in accurately diagnosing various 
maxillofacial diseases. 
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INFORMED CONSENT  
Participant information sheet  
Title of Research: ULTRASONOGRAPHY AND COLOR DOPPLER IN BENIGN AND 
MALIGNANT OROFACIAL LESIONS  
Introduction of the proposed Research:  
Inflammatory, Benign and Malignant lesions of head and neck are frequently encountered in oral 
medicine department. Odontogenic infections have the potential to spread via the fascial spaces, 
resulting in life threatening airway obstructions, Mediastinitis, pericarditis, internal jugular vein 
thrombosis. Accurate staging of malignant lesions is of paramount importance for the prognosis 
that may produce superficial lymph node metastasis. An alternative diagnostic tool that is widely 
available, relatively inexpensive and non-invasive is ultrasonography 
You will be asked about the history, clinical examination will be done, and photographs required 
will be taken. You will be performed with ultrasonography. However, before you give your 
consent to take part in this study, you must read and understand the explanation of the proposed 
study. It describes the purpose and benefits of the study. After you have read it, please feel free 
to ask any questions you may have. This is to make sure you understand, what your participation 
in this study may involve, before you sign and date the consent form. Your participation in this 
study is voluntary. The results of your samples will be kept confidential and used for the research 
only. 
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Informed Consent  
I confirm that I have read the participant information sheet on ____/____/____ it has been read 
to me, I understand it, I have had the opportunity to ask questions about it, and that my questions 
have been answered to my satisfaction. I have no objection in being a part of this study. The 
operator has promised to keep the confidentiality of my personal records. I understand that my 
participation is voluntary and I am free to withdraw at any time. (In case of illiterate participant 
the information is explained and thumb impression is obtained in the presence of an unrelated 
witness.)  
Name of the Participant: __________________  
Signature or thumb impression: ________________  
Date: _____________ 
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ஆராய்ச்சி ஒப்புதல் படிவம் 
                   
பெயர் :        தேேி :  
வயது :        ஆராய்ச்சி தசர்க்கை எண் : 
ொல் : ஆண் / பெண்               
 
இந்ே ஆராய்ச்சியின் விவரங்ைளும் அேன் த ாக்ைங்ைளும் முழுகையாை 
எனக்கு விளக்ைப்ெட்டது. எனக்கு விளக்ைப்ெட்ட விவரங்ைகள  ான் 
புரிந்துபைாண்டு எனது முழு ைனதுடன் சம்ைேிக்ைிதேன். இந்ே ஆராய்ச்சியின் 
தொது வாய் ெரிதசாேகன பசய்து பைாள்ளவும்,  ான் சம்ைேிக்ைிதேன். இந்ே 
ஆராய்ச்சியில் ெிேரின்  ிர்ெந்ேைின்ேி என் பசாந்ே விருப்ெத்ேின் தெரில் ோன் 
ெங்கு பெறுைிதேன் ைற்றும்  ான் இந்ே ஆராய்ச்சியில் இருந்து எந்ே த ரமும் 
ெின்வாங்ைலாம் என்றும் அேனால் எந்ே ொேிப்பும் எனக்கு ஏற்ெடாது 
என்ெகேயும் புரிந்து பைாண்தடன்.  ான் எனது சுய ிகனவுடன் ைற்றும் முழு 
சுேந்ேிரத்துடன் இந்ே ைருத்துவ ஆராய்ச்சியில் ெங்குபெே சம்ைேிக்ைிதேன். 
இது சம்ைந்ேப்ெட்ட ஆய்வு அேிக்கைகய தைற்குேிப்ெிட்ட  ெதரா அல்லது 
அகைப்தொ ெயன்ெடுத்ே  ான் ைனப்பூர்வைாை சம்ைேிக்ைிதேன். 
 
 
ெங்தைற்ொளரின் கைபயாப்ெம்:…………………………………………………………………………..தேேி :……………………………………. 
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PROFORMA 
Case study will be conducted as per the proforma  
Case number: 
Name:                                    Age:                                        Sex:  
Address: 
Chief complaint:  
History of presenting illness:  
Past history of illness:  
Personal history:  
Tobacco chewing - 
Smoking - 
Alcohol consumption- 
Family History:  
General examination:  
Lymph node examination: 
Inspection 
Number 
Position 
Skin over the swelling  
Palpation 
Size 
Consistency  
Tenderness 
Fixity 
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Local examination:  
Swelling  
Inspection  
Location 
Shape  
Color  
Edge  
Pulsation  
Retro auricular extension 
Submandibular extension 
Skin over the swelling  
Palpation 
Temperature  
Tenderness  
Size  
Shape  
Extent  
Edge  
Reducibility  
Pulsatility 
Fluctuation  
Consistency  
Margins  
Fixity 
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Intraoral examination 
 
  
 
 
HIGH RESOLUTION ULTRASONOGRAPHY 
CHARACTERISTICS OF THE LESION  
      Regular         Irregular      
Margins   
 
 
    Anechoic   Hypo-echoic                                     Hyper-echoic             Mixed 
Echogenicity      
 
 Homogenous Heterogeneous  
Echo texture    
 
 Present                          Absent  
Posterior acoustic shadowing   
 
               Involved             Not involved 
Bony Involvement   
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Color Doppler  
 MIXED PERIPHERAL CENTRAL 
Type of flow    
 
 
Pulse Doppler 
Peak systolic velocity  
Systole  
Diastole 
Mean velocity 
RI  
PI  
  LYMPH NODE EVALUATION  
 Site           
Characteristics of lymph nodes  
Shape 
 Longitudinal Transverse L:S 
Size       
 
 Present Absent  
Hilar echogenicity   
 
 Available Not available 
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Histopathology reports   
CT findings    
MRI findings    
FNAC report   
 
 Available Not Available 
Follow up   
 
 Conservative Surgical 
Intervention   
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